Background. Antiretroviral therapy (ART) in pregnancy is a crucial intervention in the prevention of mother-to-child transmission (PMTCT) of HIV. It is recognised that mother-to-child transmission is reduced with each week on ART. However, in most South African settings, ART initiation is delayed owing to slow determination of treatment eligibility and separation of HIV and antenatal care services. Objective. The rapid initiation of an ART in pregnancy programme is a model of care designed to expedite treatment initiation in ARTeligible pregnant women. This study evaluated the performance of the programme. Methods. Participants enrolled in the ART programme in the same week as their first ANC visit throughout 2011, and had outcome data available by March 2012. Treatment eligibility was determined or confirmed via point-of-care CD4 + testing. Eligible women were offered ART immediately, with concurrent counselling and safety laboratory blood testing. Women attended until 6 -8 weeks after delivery. Data were collected from clinical records with infant polymerase chain reaction (PCR) results at 6 weeks.
Antiretroviral therapy (ART) is the key strategy in prevention of mother-to-child transmission (PMTCT) of HIV, with co-existing benefits for maternal health. [1] Despite the potential of PMTCT interventions to eliminate paediatric HIV transmission and increased access to ART, in 2010 there were 40 000 new HIV paediatric infections in South Africa (SA). [2, 3] The most critical determinant of mother-to-child transmission (MTCT) is maternal HIV viral load (VL). [4] ART reduces maternal VL, minimising transmission in utero, during delivery and during the postpartum period. [5, 6] The duration of ART necessary for viral suppression at delivery is dependent on the mother's VL at ART commencement. [7] A recent study highlighted the association between ART duration in pregnancy and MTCT, with vertical transmission rates of 9.3%, 5.5% and 3.5% documented in women on ART for <4 weeks, 4 -16 weeks and >16 weeks before delivery, respectively. [8] In the SA setting, where many women only present to health services in the second to third trimester of pregnancy, [9] expedited initiation may be critical, particularly when HIV is more advanced.
Studies have indicated that suboptimal health system strategies for ART initiation contribute to MTCT. [10] SA currently follows the World Health Organization (WHO) PMTCT Guidelines Option A, with ART-eligible women referred to ART services separate from their antenatal care. This separation often leads to treatment delays and women being lost in the referral process. [11, 12] Additionally, determination of treatment eligibility, which includes a CD4 + cell count, the patient preparation procedure, clinical assessment and patient education, can take up to 6 weeks. [13, 14] These delays increase the risk of MTCT.
To address these needs, we designed and implemented a pilot programme in Cape Town, SA, with an emphasis on starting women on ART as soon as, and even the same day as, treatment eligibility was determined. This programme, entitled Rapid Initiation in Pregnancy (RAP), sought to strengthen the testing-to-treatment cascade and provide a new approach to treatment readiness. This paper describes the uptake and clinical outcomes, as well as perinatal HIV transmission rates, in a cohort of women who were enrolled in the programme over an 11-month period.
Methods

Programme design
The programme was delivered in a community-based antenatal clinic (ANC) in Cape Town from February 2011 and has been described elsewhere. [15] Briefly, women were tested for HIV at their first ANC 
Evaluation
Antenatal data, including the number of patients tested and their HIV status, were extracted from on-site PMTCT registers. The cohort for analysis included all HIV-positive women who had commenced treatment through the RAP programme by the end of 2011 and were postpartum or had a final outcome available by the end of March 2012. Infant HIV diagnosis via polymerase chain reaction (PCR) testing was followed until June 2012.
Baseline information was collected from clinical records. This included demographic details, results from the psychosocial distress and alcohol misuse scales and eligibility criteria information (CD4 + cell count results from the PIMA POC machine and/or the NHLS together with WHO clinical staging).
Regimens and reasons for regimen changes as well as safety laboratory blood test results were collected, along with documentation of all clinical adverse events. In addition, the CD4 + cell count and VL, feeding practices, retention in care and birth outcomes, including infant PCR results, were obtained from the patient files and recorded in a prospectively maintained database. PCR results were verified using the regional NHLS laboratory database.
Data were analysed using STATA (version 11). Bivariate analyses employed two sample t-tests, chi-square tests and Fisher's exact tests, as appropriate; 95% confidence intervals (CIs) were based on the binomial distribution and all statistical tests were two-sided at α = 0.05. Data analysis used an intention-to-treat method in which all women who were initiated onto treatment by RAP were included, regardless of delays to initiation, as this is a more conservative approach. All participants provided written informed consent, and the study was approved by the University of Cape Town Research Ethics Committee.
Results
From February 2011 until the end of December 2011, 3 330 out of 3 479 women who attended the ANC (95.7%) were tested for HIV; 344 women (10.3%) were HIV-positive, with 160 women (46.5%) eligible for treatment according to guidelines.
Of the 160 ART-eligible pregnant women, 1 declined to participate. This analysis included 134 of these women who were postpartum or had a final outcome available by the end of the study period, and is described here. Table 2 describes the baseline demographic and clinical characteristics of the cohort. The mean age of the participants was 28 years, with a mean gestational age at presentation of 23 weeks (range 6 -39 weeks). The mean CD4 + cell count was 241 cells/μl for the PIMA and 244 cells/ μl for the NHLS results. Ninety-two women (68.7%) were diagnosed during their current pregnancy, and 37 participants (27.6%) did not disclose their status before their first RAP visit.
Baseline characteristics
Baseline blood results and adverse events
Blood samples were sent for baseline safety laboratory tests on the same day as the patients were diagnosed. On average these results were obtained 1 -2 days later. No clinical adverse events that required medical intervention were reported. Four women had AIDS Clinical Trial Group (ACTG) grade 1 toxicity for alanine transaminase (ALT), 3 had ACTG grade 1 toxicity above the upper limit for haemoglobin, and there were no results above the upper limit for creatinine. 
Baseline regimens and regimen changes
The most common ART regimen started was tenofovir (TDF) with lamivudine (3TC) and a non-nucleoside reverse transcriptase inhibitor, either efavirenz (EFV) (106 women (81.5%)) or nevirapine (NVP) (13 women (10.0%)). Eight women (6.2%) were commenced on TDF/3TC and ritonavir/lopinavir (LPV/r) and 1 woman each on zidovudine (AZT) and 3TC/NVP, stavudine (d4T) and 3TC/EFV, and d4T/3TC/ NVP. There were 8 regimen changes, 4 of 8 women who started ART in the first trimester changing because of LPV/r intolerance.
Speed of treatment initiation
Of the 130 women who started treatment, 118 (90.8%) initiated ART the same day treatment eligibility was determined. Five patients (3.8%) delayed treatment by 1 week, 3 (2.3%) delayed by 2 -3 weeks, and 4 (3.1%) delayed by 5 or more weeks. In 4 cases the delay was due to psychosocial reasons and in 6 it was for medical reasons; 5 patients in the latter group were suspected of having tuberculosis (TB). All TB suspects were negative for TB on laboratory sputum cultures, with the return time for these results (standard time of 43 days) delaying their initiation. Further details are shown in Table 3 .
Maternal outcomes
Of the 134 women who were ART eligible, 4 did not commence ART for psychosocial or medical reasons (see Fig. 1 for more detail). Before delivery, 3 women were lost to follow-up (LTFU) and 4 transferred to other ART clinics. Of the 123 women who delivered during the RAP programme, 8 were LTFU before an infant PCR result was available (Fig. 1) . The mean duration of treatment before delivery was 14.3 weeks (range 1 -32 weeks). Of the 99 women who had a VL available at the time of delivery, 75 had an undetectable VL (<50 copies/ml). For the 24 women with a detectable VL, the median VL was 328.50 copies/ml (interquartile range 118 -16 497 copies/ml).
Birth outcomes
Birth outcomes were available for 126 infants, including three sets of twins. There were 119 (94.4%) live births, 5 miscarriages from 4 pregnancies, 2 stillbirths, 1 early neonatal death and 2 late neonatal deaths. Details of the infant deaths are presented in Table 4 . The mean (± standard deviation (SD)) birth weight (n=107) was 3 000±580 g (range 1 060 -4 600 g), and 43 infants (35.2% of the available 122 results) were born via caesarean section. Feeding choices were available for 117 of the 119 live births, with 67 mothers (57.3%) choosing exclusive breastfeeding, 49 (41.9%) choosing exclusive formula feeding and 1 choosing mixed feeding.
PCR results of the infants were verified in all but 13 cases (12.1%) from laboratory databases: there were 107 negative results (from 106 pregnancies) and 1 positive result, which translates into a vertical transmission rate of 0.9% (CI 0.02 -5.05%). When the negative infant PCR results were compared with the 1 positive result and the 11 infants with unknown PCR outcomes, no significant differences in maternal baseline characteristics (age, gestational age, baseline CD4 + count, psychological distress, alcohol misuse, disclosure and new or known HIV status) were found.
Of the 24 women who were not virally suppressed at the time of delivery, 21 had negative PCR results, 1 had a positive infant PCR outcome (perinatal transmission rate 0.9%), 2 had infant deaths and 2 were LTFU. The mother of the infant with the positive PCR was commenced on TDF/3TC/EFV at 35 weeks' gestation, with a baseline CD4 + count of 222 cells/µl. She was on treatment for 24 days prior to delivery, with erratic adherence. She defaulted from treatment shortly after delivery with a VL of 247 copies/ml recorded 39 days after delivery. Missing data, n (%) 1 (0.7) ‡ Gravidity, n (%) 
Discussion
This pilot study demonstrates that perinatal transmission rates can be reduced to below 1% in women with advanced HIV and relatively low CD4 + counts, when ART is offered as soon as eligibility is determined. POC CD4 + testing in the ANC, concurrent collection and active monitoring of baseline bloodwork and extensive participant counselling enabled some women to commence ART on the same day as diagnosis. Furthermore, the pilot was a safe intervention and uptake in the ANC was high.
The risk of MTCT declines with increasing duration of ART. [7, 8] In SA, where women often present to health services late in pregnancy, rapid ART initiation is necessary. The RAP model changes the current SA preparation approach on two levels, with counselling and safety blood assessment occurring alongside, rather than before, ART commencement.
Safety
SA national HIV treatment guidelines recommend specific safety blood tests before commencement of treatment to evaluate the risk of toxicity. [16] [17] [18] Serum creatinine levels are measured, and when the creatinine clearance is <50 ml/min, the patient is referred for a renal consultation with TDF alternatives recommended. In addition, ALT is measured if an NVP-based regimen is envisaged. If the ALT level is >100 U/l, alternatives to NVP are preferred and serological tests for hepatitis are performed. [18] Assessment of haemoglobin may be recommended, particularly if AZT is a treatment choice. This testing and return of results can delay treatment commencement. Given that treatment delays have a significant impact on vertical transmission, the relative risk of ART toxicity must be weighed against the risk of delayed viral suppression and increased perinatal transmission. In this relatively small cohort, baseline laboratory screening tests did not identify any risk of toxicity that would have necessitated an alternative regimen or further clinical investigations. If this model is to be expanded, the results of blood tests should be available promptly and patient contact details should be in place so that modifications can be made to ART management, taking any abnormal results into account. Furthermore, in this cohort there were no clinical adverse events that required medical intervention. There were no maternal deaths, and the proportions of live births (94.4%) and neonatal deaths (2.4%) are comparable to those in other studies of treatment-naïve women initiating ART during pregnancy. [9, 19] The overall indications are that rapid ART initiation with concurrent screening blood tests in pregnancy is safe.
Since perinatal HIV transmission risk is greatest at the time of birth, earlier ANC booking by women would increase the likelihood of viral suppression by this time. This desirable public health outcome will require community-wide mobilisation and education. It is encouraging that rapid initiation of ART can be undertaken, particularly in those women who book late.
Feasibility
Ninety-one per cent of women were able to commence ART at their first programme visit. This represents a dramatic shift in the patient preparation procedure and highlights the feasibility of rapid initiation. Of note, 41.7% of the delays were due to the time taken for the results of TB sputum cultures to be available for women suspected of being co-infected with TB. Practitioners preferred to exclude a TB diagnosis before ART commencement. Placing POC TB screening within the ANC may reduce these delays further. [20] In ART programmes across SA, pregnant women are significantly more likely to be LTFU than their non-pregnant peers. [21] In RAP, women received intensive counselling alongside, rather than before, treatment initiation. They therefore had less time to process and disclose their diagnosis, with 68.7% of the cohort receiving a new HIV diagnosis and 27.6% not having disclosed their status to anyone at the time of ART initiation. Support was bolstered by a counsellor available on call and active patient tracing following missed visits. Although RAP required additional resources for such intensive support, a separate cost-utility analysis suggests that the RAP package of services is a highly cost-effective intervention in comparison with standard services (Zulliger R, et al., 'Cost-effectiveness of a package of interventions for expedited antiretroviral therapy initiation during pregnancy in Cape Town, South Africa' -unpublished data). The RAP programme followed women until their baby's PCR was available (6 -12 weeks). Three patients (2.3%) were LTFU before delivery and 8 (6.0%) after delivery, but before a PCR result was available. When RAP is compared with another Cape Town clinic, pre-delivery LFTU is similar. [9] However, the cohort will need to be followed over time to see whether rapid initiation increases the risk of LTFU in this setting.
Efficacy
In RAP, the mean treatment duration prior to delivery was 14.3 weeks. This compares favourably with a retrospective analysis of standard services conducted at a neighbouring Cape Town ART clinic, which demonstrated a median duration on treatment before delivery of 7.6 weeks for ART-eligible pregnant women. [9] Virological response was difficult to determine owing to limited VL testing in the national programme. For most women a VL was recorded at the time of delivery. These VL data demonstrated viral Table 4 suppression for the majority of women (75.8%), which translated to a vertical transmission rate of 0.9% (CI 0.02 -5.05%) when the unknown PCR results were excluded. A recent SA study, investigating vertical transmission rates in three provinces following the WHO 2009 guideline shift (increasing ART CD4 + cell count eligibility in pregnancy from <200 to <350 cells/μl), found a vertical transmission rate of 2.4% (CI 1.9 -3.1%) for ART-eligible women. [22] It is probable that rapid initiation of ART in our study contributed to PMTCT rates decreasing to below 1%.
Most patients were initiated by a nurse trained in ART care supervised by a doctor, illustrating that the service can be run by adequately trained midwives and suggesting that this programme is not only feasible but scalable within ANCs.
It is important to note, however, that the relatively small number of participants in the RAP pilot project limits the power to generalise on the safety and efficacy of results. The excellent reduction in transmission rates and very little evidence of toxicity support more extensive investigation of this intervention. Further limitations of this study are that it was operational, so complete data were not available for all participants; in addition, the lack of a control, standard-of-care arm means that attributing the reduction in MTCT to the rapid initiation of ART can only be presumed. Women will continue to be followed over time to determine longerterm maternal outcomes.
This pilot study demonstrates the feasibility and efficacy of rapid ART initiation in pregnancy to reduce the risk of HIV transmission from mothers to their children. Women were able to start treatment safely, with comparable maternal outcomes, live births and neonatal deaths when clinical investigations and intensive counselling occurred concurrently instead of before treatment commencement. Together with strategies that would encourage women to present earlier in pregnancy and retain them in care, this novel approach may be a critical step in the eradication of perinatally acquired HIV. Time will tell whether this rapid ART initiation in pregnancy programme also results in better outcomes for HIV-infected mothers.
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